Introduction
About one in every thousand children in Western Europe is born deaf or becomes deaf as a result of diseases during the first couple of years of its life; with a birth rate of 175000 children per year this amounts to about 175 children per year. It is vitally important to trace these children in an early stage and to treat them.
In about half of the cases the cause of their handicap is a hereditary disorder (Table 1) 1-12. In most of the cases the hereditary mode is autosomal recessive. Unfortunately, the possibility of a hereditary disorder is not always considered, so that a hereditary examination and genetic counselling is not carried out with all patients and, if necessary, other family members. Counselling may lead to some prevention of deafness, because parents and other family members learn of the chances of repetition and they may abandon the wish to have further children 13 -14 • In the other half, the disorder is the result of diseases suffered during pregnancy, the perinatal period or during the first couple of years of their life (see Table 1 )1-9.
Both prevention of these diseases, and also timely and adequate treatment, may decrease the number of cases of serious hearing impairment and deafness.
Causes of early acquired deafness
During pregnancy Rubella A maternal rubella infection during the first three months of pregnancy may lead to serious disorders of the child which may manifest themselves in eye defects, deafness, cardiac abnormalities and disorders in the central nervous system. It is an important cause of deafness combined with blindness. A rubella infection may also be harmful in the second half of pregnancy and may then be the cause of deafness alone.
Other infectious diseases or toxins Cytomegalovirus infection15,16, congenital syphilis!", toxoplasmosis and other infections of the fetus may cause deafness in a child, but rarely as the only remaining symptom. Thalidomide-", and probably also kinine, applied as an abortifacients", sometimes caused deafness in young children. Prevention of these disorders during pregnancy may prevent these forms of deafness.
Incompatibility of blood groups Rhesus and other
forms of incompatibility of blood groups between the mother and the fetus may lead to hyperbilirubinaemia and kernicterus during the first few weeks after birth.
It is now assumed that harmful effects on hearing can also occur with a concentration of bilirubin ofless than 340 {lmoll1 19,2o. During autopsy it has been found that cerebral damage caused by bilirubin could also originate from much lower values than was originally assumed. In the -majority of cases, a diagnosis of kernicterus had not even been made and the bilirubin values which had been checked afterwards turned out to be below 340 {lmoll1 21-27. Although rhesus incompatibility is genetically determined and the problems concerning this disorder increase with each following pregnancy, this cause is considered under the acquired causes.
During the perinatal period Children who are significantly premature and dysmature appear to have a greater chance of deafness'".
The viability of premature infants has increased as a result of improved intensive care facilities in the last couple of decades. As a consequence of prematurity and dysmaturity, the chances of hyperbilirubinaemia and kernicterus are greater.
Ototoxic drugs Premature infants nursed in an incubator sometimes receive ototoxic drugs of the aminoglycoside group, which carry a risk of deafness. Animal experiments have shown that the noise produced by an incubator in combination with kanamycin is harmful to the hair cells of the inner ear, but under the same circumstances each of the two factors separately do not appear to be ototoxic 29-3o.
Asphyxia may cause deafness in an infant <Table 1)1-2.4-9.31-33. The birth weight of these children is often less than 1500 g.
To what extent the degree of asphyxia can be the cause of deafness and hearing impairment is still the subject of investigation and may offer a possibility for prevention in the future.
During the first few years of life Meningitis and ototoxic drugs In 1976, Fraser mentioned that 17% of 3535 deaf children were deaf as a result of meningitis. More recent publications mention a rate of about 10%. Although the death rate of intracranial complications of otitis media is only 10% of the one in the pre-antibiotic area, the percentage of children who suffer from a hearing loss after meningitis seems to have fallen by 50%.
Bacterial meningitis is more dangerous than cases of viral origin. Pneumococci, meningococci and haemophilus influenzae are, in decreasing order, considered the most important bacterial pathogens causing meningitis with deafness as the resulting symptom 4,9,34-36. Younger children are more susceptible to developing meningitis with these organisms. Deafness usually originates from labyrinthitis as a complication of meningitis. The incidence of deafness or hearing impairment after bacterial meningitis varies considerably and may be as high as 29%. This is sufficient reason for all of these children to have an examination of their hearing ability after recovery.
Meningitis may be treated with potentially ototoxic drugs, in particular the aminoglycosides such as streptomycine, dihydrostreptomycin, kanamycin, gentamycin, tobramycin and amikacin15.
If a patient with meningitis is treated with potentially ototoxic drugs and if loss of hearing Journal ofthe Royal Society of Medicine Volume 82 August 1989 485 results, then the question arises whether this is the result of meningitis or the medicine. The choice of medication in cases of meningitis is a compromise between the spectrum of activity of the antibiotic or the combination of antibiotics and the possibility of ototoxicity which is difficult to assess.
Prevention of early acquired deafness
In the Netherlands all ll-year-old girls have been systematically vaccinated since 1974 to prevent rubella infection. A new combination-vaccine has now been introduced against mumps, measles and rubella (the so called MMR-vaccine), which will be administered to girls as well as boys at the age of 14 months. They will receive the second dose at the age of 9 years. This is consistent with a recent recommendation from the United 8tates 15. It is to be expected that rubella can be suppressed more effectively ifvaccination is administered at this very early age. A supplementary preventive measure could be to subsequently test young adult women to assess their rubella-titre.
During the last few decades, deafness from kernicterus as a result of rhesus incompatibility has decreased considerably. In the past 10-20% of deaf children were the result of kernicterus. Nowadays, if a mother is rhesus negative, the formation of antibodies can beblocked immediately after the birth of her first rhesus positive child by administering antirhesus immunoglobulin. As a result of this the number of exchange transfusions has decreased";
Infections such as cytomegalic disease, congenital syphilis and toxoplasmosis must be detected and treated appropriately. The use of ototoxic drugs, especially during pregnancy, should be avoided whenever possible. It is uncertain whether the incidence of deafness as a result of meningitis may be reduced.
Hearing impairment may also be associated with prematurity. The improvement in neonatal care may increase the incidence of hearing loss due to such cases.
Hereditary deafness
In about half of the deaf or seriously hearing impaired children the cause of their handicap is a hereditary disorder. Most of them have parents whose hearing is normal; but sometimes they have a deaf mother or sister. A close or distant relationship between the parents is not uncommons, In nearly 30% of cases the transmission appears to be autosomal and recessive.
Less frequently, in about 10%, there is autosomal dominant inheritance. The degree~f hearing loss often turns out to be different for hearing impaired family members and can even be so small that the hearing impairment is denied. This changing degree of expression may be the cause of passing on this genetic predisposition to many generations.
A pattern of X-linked inheritance rarely occurs for deafness. Usually, hereditary deafness is found without any associated defects. In a quarter of cases with autosomal recessive deafness and in half of them with autosomal dominant deafness, the deafness is part of a syndrome; such a syndrome can be recognized on the basis of the other defects. More than 200 forms of deafness or hearing impairment which have been determined by heredity have now been recorded.
Causes which have not been determined by heredity may also lead to a syndromally determined picture 10,12,38-40 such as infections during pregnancy.
Prevention of hereditary deafness
Provision of information upon request to deaf people, their parents and other family members has been an important part of management for this community for the last 10 years.
Although in one out offour cases a syndrome such as Pendred's syndrome or Usher's syndrome will eventually be determined, the other characteristics of the syndrome will manifest themselves only in adolescence or even later. The parents of these children usually have normal hearing and the deaf child is often the only deaf child in the family, especially when he or she is young.
Genealogical investigation may be useful in these cases 4,41. An ophthalmological investigation is important to detect rubella-embryopathy or Usher's syndrome, and a physical examination is required to detect other characteristics.
If deafness at a young age is not found in family members and if after thorough examination there is no indication of a cause of deafness or of the hearing impairment, the cause will remain unknown. There is, however, a 60-80% chance that an autosomal recessive predisposition is the cause of deafness or impairment. Empirically there is a chance of repetitionv', Demonstration of a hereditary basis for deafness may help to remove the question of guilt. This is particularly the case in an autosomal recessive disorder. Knowledge of the cause of deafness may provide an insight for the possibility of deafness in other subsequent children. This may lead to a restriction of the number of children in high risk families, but the preventive effect of this will be less than 10% of the total number of deaf children. The other effects of providing hereditary information, such as giving insight into the probable cause of the handicap and the reassurance which may result from this, are also of great importance.
Parents may be told that amniocentesis will seldom prevent the birth of a seriously hearing impaired or deaf child. However, in rare cases of X-linked hereditary deafness, such as the 'X-linked Alport syndrome'43 and (within the foreseeable future) also 'X-recessive progressive mixed deafness' (less than 2% of all cases of deafness), Norrie's disease, the autosomal recessive Usher's syndrome and a few syndromes with chromosomal defects and metabolic disorders, amniocentesis or biopsy of chorionic villi could be useful.
Investigation of the causes of deafness and hearing impairment is often so complex that cooperation between a university ENT clinic and a department of genetics is recommended.
It is essential to determine the degree of the hearing loss, to judge the middle and inner ear component, to detect causes of hearing impairment in the patient who seeks advice and from his closest relatives in order to provide hereditary information. The complexity of the syndromes which include hearing loss and the necessity to discuss the matter fully and in detail with those who seek advice is not to be underestimated13,14,44,45.
